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Bristol University and
Quantum Focus set to
revolutionise thermal
imaging
A few years ago, we reported on the benefits
of a micro-Raman analytical technique to
determe the temperature of active, GaN-
based, III-V devices developed by Martin
Kuball et al at UK’s University of Bristol.
This method uses the phonon frequency
dependency with temperature in micro-
Raman spectra, to measure the temperature
of sub-micron regions of an operating device,
such as a FET or HEMT gate region. Where
these regions are accessible to microscopic
examination, micro-Raman spectra allow the
device surface temperature to be estimated to
within about five oC. The excitation source is a
one-micron laser spot from a 488nm argon
laser (3mW power). It provides insignificant
heating of the device chips, which are trans-
parent at this wavelength.
The use of micro-Raman spectra is a useful non-
invasive technique with which to analyse ther-
mal management and optimise design and relia-
bility of developmental chips and commercial
ICs, where junction temperature is often a criti-
cal factor for device reliability characteristics.
The technique has already been used to compare
the temperature resistance effects of different
HFET finger layouts, MOCVD grown, on both sap-
phire and silicon carbide substrates, where
devices on SiC substrates exhibited up to five
times less thermal resistance than on sapphire.
System benefits
The system(see Figure 1) for prototype is easy to
align and to operate, as well as being adaptable
for manufacturing and testing environments.
Raman point temperature measurements are
quite rapid, taking only a few seconds to com-
plete. However, the one disadvantage of Raman
thermal imaging is its slow speed, which basical-
ly limits it to the measurement of smaller device
areas (a benefit in this case).
The creation of device maps take longer, since
they are built up by moving the laser beam over
the sample surface from point to point.
In the initial report, a FET gate region was shown
to be operating in the 170 to 225oC range, with
graphical colour representation, at drain source
voltages of up to 20V and sub-micron resolution.
However, for the device shown in Figure 2, the
Raman spectrum provides another benefit of the
system, the effect of a defect on local device
heating can be demonstrated.
Such an accurate and non-destructive method of
measuring operating device temperatures is a
very important tool for power semiconductor
device development. Especially compound semi-
conductor FETs and ICs based on AlGaN, GaN or
SiC, because of the high power densities they
can develop (eg. 9W/mm at X-band, or about 10
times the W/mm possible from gallium arsenide.) 
Additionally, because the wide gap devices can
operate at much higher gate temperatures (300o C
and higher) than silicon ICs, they require efficient
thermal management, including the use of copper
or other heat sinks for the final device package.
However, an important side benefit from the
future use of these wide band power devices is
that they are more efficient, hence ambient cool-
ing will be sufficient, and therefore costly air
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Figure 1: Photograph of 
integrated Raman - IR 
thermography system.
conditioning requirements for wireless base 
stations can be eliminated.
Thermal imaging microscope
The Bristol group has continued to develop the
technique, supported in part by a three-year
grant from EPSRC and DSTL. Recently, armed
with the protection of a patent application, the
University has announced its collaboration with
Quantum Focus Instruments (QFI), located in
Vista California, to develop a commercial, high
spatial resolution, thermal imaging microscope.
A combination of a wide field of view IR micro-
scope (for rapid pre-alignment) and the high spa-
tial resolution available from the Raman spectra
is expected to result in a very useful analytical
tool. It will soon be available to the semiconduc-
tor industry in the form of a relatively simple
piece of equipment to operate and an analytical
technique suitable for all accessible power
device areas.
Users include QinetiQ
The final design is expected to include a QFI
infrared camera combined with Renishaw's
Raman microscope, with custom software to
interpret the results from the two mechanical
systems, for both R&D and manufacturing 
environments.
Although the research programme is only at
about the halfway stage, QinetiQ Ltd, UK has
already used the prototype system to measure
useful thermal characteristics of their state of the
art HFETs.
Estimates for pricing and availability are not
available, but III-Vs Review will provide an
update as more information becomes available.
Email: martin.kuball@bristol.ac.uk
www.three-fives.com 31
Microthermal imaging P R O D U C T F O C U S
Figure 2. High spatial resolu-
tion temperature map of sin-
gle-finger AlGaN/GaN HFET
with hot spot due to defect
visible in the upper device
half. The device was operated
at 40V, 45mA (1.8W).
